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Germination of Citrullus lanatus seed is inhibited by white light. 
The nature of the light inhibition resembles that of a low-energy 
reaction . Removal of the outer seed structures, especially the 
membrane enveloping the embryo, overcomes the inhibitory 
effect of light. Gibberellic acid slightly reverses the inhibitory 
effect of light while kinetin and particularly ethrel strongly 
promote the germination of seed in white light. 
s. Afr. J . Bot. 1982, 1: 10 - 13 
Die kieming van Citrullus lanatus-sade word deur witlig gerem . 
Die aard van die remming stem ooreen met die van 'n lae-energie-
reaksie. Verwydering van die saadomhulsels, veral die vlies wat 
die embrio omring, hef die remmende invloed van witlig op . 
Gibberelliensuur hef tot 'n geringe mate die remmende invloed 
van lig op terwyl kinetien en veral 'ethrel ' die remmende invloed 
van lig grootliks ophef. 
S.-Afr. Tydskr. Plantk. 1982, 1: 10-13 
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Introduction 
Citrullus lanatus is a summer growing annual indigenous 
to Southern Africa . Some species of the Cucurbitaceae 
are known to be negatively photoblastic in their 
germination response (Noronha et al. 1978; Felippe & 
Litjins 1979 ; Loy & Evensen 1979) . The inhibitory effect 
of light on the germination of Cucumis anguria seeds can 
be reversed by growth regulators (Felippe & Litjens 
1979). 
Removing or damaging the structures which envelop 
the embryo has been shown to be effective in overcoming 
the inhibitory effect of light on the germination of some 
cucurbits (Koller et al. 1963 ; Loy & Liu 1974). 
The effect of light on the germination of some of the 
cultivated forms of Citrullus lanatus was investigated by 
Loy & Liu (1974) & Evensen & Loy (1978) . However , 
very little is known about the seed germination behaviour 
of the wild uncultivated form of C. lanatus. As an initial 
study the effect of white light and growth substances on 
the germination of this form were investigated . 
Material and Methods 
Seeds were isolated during August from the fruits of 
Citrullus lanatus (Thunb.) Matsumura & Nakai plants 
growing in the wild. The fruits which matured approxi-
mately 4- 5 months earlier had therefore been exposed to 
the prevailing winter conditions. Harvested seeds were 
air dried at room temperature and stored in airtight glass 
containers in the dark at room temperature. 
Germination tests were conducted at 27°C in the light 
and in the dark . The light source consisted of 'cool white' 
fluorescent tubes which delivered a quantum flux of 16,6 
flE cm-2 S-I at the position of the seeds . 
Seeds were incubated on Whatman no . 1 filter paper in 
300-cm3 glass bottles capped with airtight lids. The 5,5 
cm diameter filter paper which completely lined the base 
of the bottles was moistened with 2 ,5 cm3 of test solution. 
All experiments except those with ethrel were also 
conducted in 9,0-cm Petri dishes . In these experiments 
the 9 cm diameter filter paper was moistened with 5 cm3 
test solution. In all cases 30 seeds were used per replicate . 
In order to count germinated seeds , the glass bottles were 
opened after 48 and 72 hours of incubation. 
The effect of various chemicals on the light and dark 
germination was tested. Chemicals used included 6-
furfurylaminopurine (kinetin, 1,16 X 10-4 ; 2 ,32 X 10- 4 ; 
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5 8 X 10-4 • 1 2 X 10-3 and 2 3 x 10-3 mol dm-3) , , , , , 
gibberellic acid (GA3 , 7,2 x 10-5 ; 1,4 x 10-4 ; 3,6 x 10-4 
and 1,4 x 10-3 mol dm-3), potassium nitrate (0,01; 0,1; 
0,25; 0,5 and 1,0 mol dm-3) and 2-chloroethanephosphonic 
acid (Ethrel, 3,5 x 10-5 ; 6,9 x 10-5 ; 1,7 x 10-4 and 1,7 x 
10-3 mol dm'::'3) . 
The role of the structures surrounding the embryo on 
the light sensitivity of the seeds was determined by 
removing these structures. In some cases the lignified 
testa was removed by applying mechanical pressure to the 
thin edges of the seed which caused rupture of the suture 
joining the two halves of the testa. Naked embryos were 
obtained by removing both the testa and the thin 
membrane which directly underlies the testa. The 
membrane consists of a few layers of dead cells (remnants 
of the nucellus) and a single layer of living cells derived 
from the endosperm. 
At least six replicates per treatment were used 
throughout. Least significant differences were calculated 
by using the Tukey procedure (Nie et al. 1975). 
Results 
As no differences between experiments conducted in 
glass bottles and Petri dishes were observed only the 
results obtained in glass bottles are given. The 
germination behaviour of seeds which had been subjected 
to different periods of white light (24, 36, 48, and 72 h) 
followed by darkness or vice versa during incubation is 
recorded in Table 1. Germination in continuous light was 
very low compared to that in continuous darkness. The 
latter treatment resulted in a final germination percentage 
of96%. 
Table 1 The effect of various white light and dark 
treatments on germination of Citrullus lanatus seed 
at2rC 
Treatment 
Continuous light 
24 h light followed by darkness 
36 h light followed by darkness 
48 h light followed by darkness 
Continuous darkness 
24 h dark followed by light 
36 h dark followed by light 
48 h dark followed by light 
% Germination after a total 
incubation period of: 
72h 96h 120 h 
3 6 8 
67 93 97 
60 86 92 
46 47 86 
70 94 96 
3 6 10 
83 93 93 
83 95 95 
A difference of more than 9 between any two germination figures is 
significant at the 5% level of probability. 
Seeds which were kept in darkness for 24 h before being 
exposed to light, behaved the same as seeds kept in 
continuous light. Increasing the prelight, dark period 
beyond 24 h, however, resulted in a final germination 
count equal to that obtained in the dark control. In fact 
a 36- and 48-h prelight, dark treatment actually increased 
germination rate (compare 72-h germination counts). 
From the results in Table 1 it therefore is clear that the 
inhibitory effect of white light can be nullified by a 
subsequent dark period. 
11 
Continuous white light is not obligatory for inhibition 
of germination. One hour of white light in every 12-h 
period was sufficient to cause the same inhibition as 
continuous white light (Figure 1). 
100r------r-----r-----r----""T""--, 
t- -t 
75 
g 
t: 
0 50 I • Continuous darkness :; 
t: 
E 
... 
C1> 
(!) 
25 
/ 
30 
/: 
o Continuous white light 
~ 1 h white light in every 12h cycte 
-+ time at which 1h light periods 
commenced 
60 90 120 
Incubat ion time (hours) 
Figure I Effect of continuous and intermittent white light on germination 
of Citrullus lanalus seeds at 27°C. 
Although removal of the testa caused some increased 
germination in the light, removal of both the testa and the 
underlying membrane resulted in 100% germination in 
the light (Table 2). This effect cannot be ascribed to water 
uptake differences as shown by the results in Table 3. The 
percentage germination obtained with naked embryos was 
always 100%. 
Table 2 The effect of the removal of the outer 
structures on the germination of Citrullus lanatus 
seed in white light at 2rC. 
Seed treatment after 24 h incubation 
in white light at 27°C 
None (intact seeds) 
Testa removed 
Testa and underlying membrane removed 
% Germination in white 
light after a total 
incubation period of 
48h 72h 96h 
o 2 4 
4 
25 
15 
96 
20 
100 
A difference of more than 10,5 between any two germination figures is 
significant at the 5% level of probability. 
Ethrel at all the concentrations used, promoted 
germination in white light (Figure 2). Maximum promo-
tion was obtained with a concentration of 1,7 x 10-4 mol 
dm-3 • 
The growth substances kinetin and GA3 , although less 
effective than ethrel could partially eliminate the inhibi-
tory effect of white light. This is demonstrated in Figure 
3 where the effect of only those concentrations of the test 
12 
Table 3 Rate of water uptake by intact seeds and 
naked embryos of Citrullus lanatus at 2rC in the light. 
% increase in mass relative to dry mass 
Incubation period (h) I n tact seeds Naked embryos 
20 ,3 21 ,0 
4 29 ,0 30 ,8 
8 39 ,5 42 ,1 
16 42 ,0 43 ,0 
24 41 ,0 43,75a 
36 43,0 
48 44,0 
aGermination first observed 
A difference of more than 1,85 between any two figures is significant at 
the 5% level of probability. 
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Figure 2 The effect of different ethrel concentrations on the germination 
of Citrullus lanatus seeds in white light at 27"C (LSD = 6,08%) 
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Figure 3 The effect of ethrel , kinetin , GA3 and KN03 on the germina-
tion of Citrullus lanatus seed in white light at 27°C (LSD = 8,1 %) 
substances which gave the highest germination results are 
recorded. Potassium nitrate had virtually no stimulatory 
effect, in fact concentrations above 1 x 10-2 mol dm-3 
were inhibitory to germination (not shown). 
Discussion 
The germination of the seed of a number of cucurbits 
has been found to be inhibited by white light (Loy & 
S.-Afr. Tydskr. Plantk. 1982, 1(1/2) 
Evensen 1979; Koller et al. 1963; Felippe & Litjens 1979; 
Noronha et al. 1978). In the case of Citrullus lanatus, 
studies in this regard have apparently only been performed 
on cultivated strains (Evensen & Loy 1978; Loy & Evensen 
1979). The present investigation demonstrates that the 
germination behaviour at 27°C of the wild form also is 
typically negatively photo blastic. White light is very 
effective in inhibiting germination even if administered 
after 24 h of dark incubation. However, after 36 h of dark 
incubation light is no longer effective in inhibiting ger-
mination. Clearly some metabolic eve.nt necessary for 
germination, occurs during the period 24 to 36 h after 
the onset of dark imbibition which precludes the inhibition 
by light of the seed's subsequent germination . 
Loy & Evensen (1979) reported similar results for the 
inhibition by far red light of the germination of a dwarf 
strain of C. lanatus and showed that germination was 
phytochrome controlled. The presence of phytochrome 
in seeds of a number of the other cucurbits has been well 
documented (MaIcoste et al. 1970; Spruit & Mancinelli 
1969). We are presently investigating the role of phyto-
chrome in our material; preliminary investigations indicate 
that the light inhibition is red - far red reversible 
(unpublished) . 
In the present study , intermittent white light showed 
that 1 h of light in every 12-h cycle was as effective as 
continuous light in inhibiting germination. This indicates 
strongly that the light inhibition in the wild form of C. 
lanatus if under phytochrome control, is a typical low-
energy reaction (Kendrick 1976) and as such differs 
markedly from the germination behaviour of C. 
colocynthis which requires 12 h of continuous light in 
every 24-h cycle for inhibition (Koller et al. 1963). 
It has often been demonstrated that the germination 
response of light-sensitive seeds can be altered by 
damaging or removing one or more of the superficial 
structures of a diaspore (Gardner 1921; Klein & Preis 
1958; Koller et al. 1963) . The inhibitory effect of light on 
the germination of the seed of the wild form of C. lanatus 
was shown to be completely reversed by the removal of 
the testa and underlying membrane . The increase in 
germination which was observed where only the testa was 
removed probably resulted from inadvertent damage to 
the underlying membrane. The increased germination 
that was obtained by Loy & Liu (1974) after the seeds 
of cultivated strains of C. lanatus were scarified probably 
also resulted from damage that was done to the membrane 
enveloping the embryo. The mechanism by which this 
membrane affects germination is unclear and is currently 
being investigated. The present study suggests that the 
inner membrane does not control germination by restrict-
ing water uptake per se. 
The fact that GA3 could only slightly reverse the inhibi-
tory effect of light is in accordance with the results 
obtained by Evensen & Loy (1978). Kinetin was more 
effective than GA3 in reversing light inhibition. This result 
differs from that obtained with Cucumis anguria by 
Felippe & Litjens (1979) . On the other hand , the 
complete reversal of light inhibition by ethrel is similar 
to the results obtained by these authors with C. anguria. 
Whether the effect of ethrel is due to the ethylene which 
S. Afr. J . Bot. 1982, 1(112) 
this compound releases when absorbed by plant tissue 
(Wareing & Phillips 1978) is at present being investigated. 
Acknowledgements 
We are grateful to the University of Pretoria and the 
CSIR for grants received for this project. 
References 
EVENSEN, K.B. & LOY , J .B. 1978. Effects of gibberellic acid and 
gold light on germination, enzyme activities , and amino acid pool in 
a dwarf strain of watermelon. Plant physiol. 62: 6-9. 
FELIPPE , G.M. & LITJENS, J.H .M. 1979. Effect of growth regulators 
on overcoming the light inhibition on germination of Cucumis 
anguria L. Biologia Plantarum. 21: 407 -411. 
GARDNER, W.A. 1921. Effect of light on germination of Iight-
sensitive seeds. Bot. Gaz. 71: 249-288. 
KENDRICK, R.E. 1976. Photocontrol of seed germination. Sci. Prog. 
63: 347-367. 
KLEIN, S. & PREIS, J.W. 1958. Depth controlled deutron irradiation 
of Lactuca sativa seeds. J. Effects on germination and growth. Plant 
Physiol. 33: 321- 325 . 
KOLLER , D .. POLJAKOFF-MAYBER, A. , BORG , A. & 
DISKIN, T. 1963. Germination-regulating mechanisms in Citrullus 
colocynti7is. Amer. Jour. Bar. 50: 597-603. 
13 
LOY , J .B. & EVENSEN , K.B. 1979. Phytochrome regulation of seed 
germination in a dwarf strain of watermelon. 1. Amer. Soc. Hart. 
Sci. 104: 496-499. 
LOY, J .B . & LIU, P.W. 1974. Response of seedlings of a dwarf and a 
normal strain of watermelon to gibberellins . Plant Physiol. 53: 325-
330. 
MALCOSTE , R., BOISARD , J., SPRUIT, CJ.P. & ROLLIN , P. 
1967. Phytochrome in seeds of some Cucurbitaceae in vivo 
spectrophotometry. Meded. Landbouwhogeschool Wageningen 70: 
1-16. 
NIE , N.H. , HULL , C.H ., JENKINS , J.G. , STEINBRENNER , K. & 
BENT, D.H. 1975. Statistical package for social sciences. 2nd ed. 
Chap . 21 , 422-433 . McGraw-HilI. New York. 
NORONHA , A. , VINCENTE , M. & FELIPPE , G.M. 1978. 
Photocontrol of germination of Cucumis anguria L. BioI. Plant. 20: 
281-286. 
SPRUIT, CJ.P. & MANCINELLI. A .D. 1969. Phytochrome in 
cucumber seeds. Planra 88: 303-310. 
WAREING , P.F. & PHILLIPS , J.D.J. 1978. The control of growth 
and differentiation in plants. 2nd Edition. Pergamon Press . New 
York. 
